In the modern portfolio theory investment risk plays a crucial role. It is the subject of numerous studies and publications, in particular in relation to the management of investment portfolios. Commonly used measure of investment management in equities is a beta parameter, which is used to estimate individual stock risk and portfolio risk. In particular, numerous studies the subject of which are the beta parameter properties such as stability in the context of the stock market cycle phases, intervalling effect, length estimation sample etc. The main objective of this paper is to investigate the intervalling effect on the beta parameter. The empirical analysis is carried out for the 33 largest companies of the Warsaw Stock Exchange (WSE) on a sample from the years 2005 to 2012 on the basis of daily, weekly and monthly rates of return. Statistical verification of the hypothesis of the importance of the frequency measuring the return of shares will be based on the singleindex Sharpe's model.
Introduction
In modern finance, especially in the portfolio theory, the investment risk plays a crucial role. It is a subject of many studies and publications, especially in the context of investment portfolios management. The common measure used for managing investments in shares is the beta parameter, which is used to estimate the market risk (systematic risk) of shares or a portfolio consisting of shares. The beta parameter was introduced to the literature of finance in the early 1960s and since that time it has been subject to numerous studies and empirical analyses. Such research was especially intensively conducted in highly developed economies in the 1970s and 1980s. Afterwards, numerous studies, mainly the empirical ones, concerning the beta parameter as the measure of systematic risk were conducted in the countries defined as emerging markets.
In the world literature the subject of research referring to the beta parameter is very extensive, however a special attention should be drawn to the research on the context of the relation of the rate of return from shares or portfolios of shares and the rate of return from the market portfolio and the research on its properties from the viewpoint of the distinction of phases of the stock exchange cycle, the frequency of measurement of the rate of return (intervalling effect), the length of the estimating sample or the purely statistical properties resulting from e.g. the application of a certain estimating method or the occurrence of autocorrelation phenomenon.
The analysis also embraces such properties as stability, stationarity, and the predicting power of the beta parameter.
In Poland there is a particular need to conduct research referring to the beta parameter, since the shares market started to grow only after the system transformation in 1989. Considering the second decade of the 21st century it can be claimed to be tolerably well developed and allowing to collect properly extended research samples. The research conducted so far have been first of all of fragmentary nature and there is a need to carry out more complex research.
The main purpose of this paper is to analyze the influence of the measurement frequency rate of return from shares on an estimated value of the beta parameter. An empirical analysis will be conducted for 33 largest companies from Warsaw Stock Exchange on the sample from the period 2005-2012 1 on the basis of daily, weekly and monthly rates of return (intervalling effect). It must be admitted that the above sample embracing both the upturns and downturns of the economy in the stock market, is well-suited to the above analysis. The verification of the quoted hypothesis about the significance of the influence of frequency measuring rate of return of the largest stock exchange companies in Poland will be run on the basis of a single-index Sharpe's model. What will be verified is the hypothesis about the equality of beta parameters estimated on the basis of the weekly and daily data as well as the monthly and weekly data. Its empirical verification will appear on the basis of a t-Student test 2 . The paper has been divided into two main parts, where the first one presents a brief review of the literature of the subject and some basic outcome of empirical research as well as the methodology of the conducted analysis, however in the second part there is a presentation of the results, obtained by the authors in the course their own research, together with the conclusions.
Review of the basic literature and empirical research
The beta parameter was introduced to the modern portfolio theory by Sharpe 3 in as a slope of a single-index model relating the rate of return from a single share to the rate of return of the market (stock exchange index). That publication triggered the studies and research on beta parameter as a measure of systematic risk of investments in shares. Especially intensive studies were conducted in highly-developed economies including the USA. The research concerned various aspects of the beta parameter. Firstly they started to test its certain properties, e.g. stability, mainly in the context of the stock exchange cycle phases (bull and bear markets) and also the prognostic power. Here we can quote the publication by M. Blume 4 , which was one of the first and most advanced studies in this field. When examining the prognostic power of the beta parameter he claimed that the estimates of this parameter obtained on the basis of historical data for single shares and smaller portfolios hardly increase the accuracy of forecasting. That accuracy was significantly better in the case of large portfolios. The research was conducted on the basis of monthly rates of return for the constructed seven-year research periods from 1926-1968. A conclusion similar to that of Blume's was drawn by R. Levy 5 in his research.
In the papers published later on, the prognostic power of beta parameters is examined in the context of the phases of the stock exchange market, assuming that if they are estimated separately in the bull and bear market, then the prognosis of the systematic risk of the shares will be more accurate. An essential paper in this field was an article by R. 16 . In these publications the beta parameter was also considered in the context of other questions, e.g. the length of the estimating sample, size of the portfolio, size of the company, the flow of the shares turnover, intervalling effect etc.
As the research indicates, the intervalling effect of shares undoubtedly has some influence on the value of the estimated beta parameter, and therefore on the size of the systematic risk from a share. An essential aspect here is an examination of the beta parameter sensitivity to the change of this measurement frequency that is showing how the rate of return measurement moves from daily to weekly or from weekly to monthly and how these changes influence the value of the estimated beta parameter. This question was subject to numerous empirical analyses.
For example G. Hawawini 17 on the basis of the research for 20 companies from NYSE from the period of January 1970 to December 1973, indicated that the beta values of shares were changing noticeably depending on whether the estimation was based on the daily, weekly or monthly rate of return. The same conclusion was drawn by P. Handa and others 18 , However, P. Daves 19 and others suggested that in order to estimate the beta parameter of shares one should apply a daily rate of return, since due to that the accuracy of beta estimation is increasing. A. Damodaran 
Relationship between the rate of return measurement interval and the beta parameter
Due to numerous research on the intervalling effect on beta parameter, one can notice several relationships. In most of the studies the beta parameter is estimated according to the weekly or even monthly intervals. Generally, a monthly interval is used by financial institutions such as Merrill Lynch, Value Line, S&P. In spite of being more frequently used, the beta parameter estimated on the basis of monthly data has similar drawbacks to those estimated on daily or weekly data. The choice of the rate of return measurement frequency is crucial in assessing the risk and it entails subsequent relations, extensively covered in the literature of the subject.
One of the first such relations that have ever been observed related the estimated beta parameters within different rate of return measurement intervals with the degree of fit of empirical rates of return to the line of regression, expressed by determination coefficient R 2 . The phenomenon was described by K. Smith 28 who claimed that the extension of the rate of return measurement interval entailed the increase of the coefficient R 2 . The author did not, however,
give the final answer as to which was the right interval in determining beta parameters, but he claimed that it should be adjusted to the horizon of the investment.
Another confirmation of the positive relation between the determination coefficient R 2 and the extension of rate of return measurement interval in estimating the beta parameter is a study by several authors -K. Cohen, G. Hawawini, S. Maier, R. Schwartz i D. Witcomb 29 . The authors analyzed a few phenomena observed in the capital market and they noticed an increase of the level of determination coefficient depending on the extension of the rate of return measurement interval. Additionally they noticed that beta parameters of shares with small volume of turnover were rising along the extension of the measurement interval, while beta parameters of shares with big volume of turnover were decreasing.
Another explanation of the phenomenon of the intervalling effect on the beta parameter can be found in the paper by B. Bjornson 30 and others. Its authors claimed that beta as a measure of systematic risk that is mainly caused by macroeconomic factors, was changing together with the change of the measurement interval, since the frequency of changes of macroeconomic factors was varying. In the study an attempt was made to explain a higher risk characterizing shares of small companies. They found out that the shares of small companies with low capitalization were more sensitive to the risk factors which occurred with low frequency, with investors expecting a higher premium for the risk.
Another attempt to explain the influence of the rate of return measurement interval on risk was made by P. Handa 31 and others. They stated that sensitivity of beta to the change of a measurement interval was caused by the fact that the covariance between the rate of return from a share and the market was changing differently (disproportionately) from the variation of the market portfolio. Beta parameters of risky shares are increasing together with the rise of the interval and those of safe shares are falling.
An alternative explanation was suggested by R. Daves 32 and others. On the basis of data from the American market they claimed that a standard deviation in estimating beta parameter was increasing together with the extension of an interval.
Numerous empirical data indicate and clearly show that there is an influence of the change of the rate of return measurement interval on risk estimation measured with the beta parameter.
For this reason the traditional method of beta estimating and the arbitrary choice of an interval leads to remarkable simplification. A lot of information about the changes of beta together with the change of an interval is lost and the very analysis on the risk occurrence becomes onedimensional and inadequate in the case of contemporary investments.
Methodology of the research
The research involved selected shares of the largest WSE companies belonging to indexes of WIG20 (14 companies) and mWIG40 (19 companies) in the period 2005-2012. The rates of return were calculated on the basis of the day's closing share prices or the closing share prices on the last day of a week and a month (excluding dividend yields) according to the following formula:
where:
R it -daily, weekly, monthly rate of return on the i-th share in the period t, P it -price of the i-th share in the period t, P i,t -1 -price of the i-th share in the period t -1.
To estimate beta parameters we used a single-index model by Sharpe 33 in the form:
R it -rate of return of the i-th share in the period t,
R WIGt -rate of return of WIG index in the period t, ε it -random term, E(ε it ) = 0.
A single-index model was used for the estimation of the beta parameter measuring the investment risk of shares on the basis of daily, weekly and monthly rates of return. The parameters of the model were estimated by the ordinary least squares (OLS) method (with the use of the calculation platform Matlab).
An index representing the market portfolio was assumed to be WIG. The performance of WIG index in the examined period 2005-2012 is presented in Figure 1 . 
Analysis of the obtained findings (results)
The estimation results of the beta parameter for companies from WIG20 index in all the rate of return measurement intervals are presented below in the Tables 1-3, while those The values of estimates of the beta parameter for companies from WIG20 index, for all the daily, weekly and monthly data (Table 1- It must also be stated that the obtained estimates of the intercept (α parameter) are not significant (besides for the SYNTHOS company for the daily and weekly data) from the statistical viewpoint. The obtained values of the determination coefficient indicate that when estimating a simple Sharpe's model for the companies from the Polish stock market, the highest levels of explanation were achieved for the monthly data, lower for the weekly data and the lowest ones for the daily data, which is a result of the respectively rising (together with the growing measurement frequency) changeability of the rates of return, on the basis of which the model was estimated. That conclusion is coincident with the statement by K.Smith 35 . The estimates of statistics of the Durbin-Watson test indicate that in the estimated models there is no autocorrelation of random term. 
Conclusions
The presented research embraced the significance of estimates of the beta parameter with respect to the measurement frequency of the rate of return from shares for 33 largest companies from the Warsaw Stock Exchange. Essential differences were found in the absolute values of the obtained estimates for the daily, weekly and monthly data, however there was no explicit answer to the question whether the estimates of those parameters differ from the statistical point of view.
It has been claimed, however, that (at the significance level of 0.05) for 21 (63.6%) companies the estimates of beta parameters for the weekly and daily data while in the case of 6 (18.2%) companies the estimates obtained for the monthly and weekly data are not equal statistically. For the significance level 0.1 these numbers are respectively 23 (69.7%) and 12 (36.4%). Therefore a conclusion can be drawn that there is a bigger convergence between the estimates of the beta parameter on the weekly and daily data than on the monthly and weekly ones. It has a also been observed that the values of the determination coefficients are increasing as long as the rate of return measurement frequency is decreasing, which in fact results from the decrease of the amplitude of fluctuations of the observed rate of return values . In the estimated model there is also no autocorrelation of the random term.
It could be also noted that the beta changes with the return interval. The absolute value of the beta generally increases with the decreasing rate of return measurement frequency. For companies belonging to WIG20 index beta values have grown in 7 cases, while for mWIG40 index -in 16 cases.
Notes

